T otal knee arthroplasty (TKA) is the most commonly performed surgery in the United States, with >700,000 performed annually 1 . This number is expected to increase to 3.5 million annually by the year 2030 2 . TKA is associated with the largest procedural expenditure by the Centers for Medicare & Medicaid Services (CMS), costing an average of $23,000 to $27,000 per procedure 3 . Post-acute care is responsible for a substantial portion of this cost 4, 5 .
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The CMS recently introduced the Comprehensive Care for Joint Replacement (CCJR) Bundle. This alternative payment model bundles hospital, post-acute-care, and outpatient costs associated with total joint replacement. These bundles are one example of a broader trend favoring discharge from the hospital to home. Early data on the CCJR has suggested that utilization of home-health-care services by TKA recipients is increasing as a substitute for more costly facility-based care 6 . Utilization of physical therapy (PT) services during an episode of home health care may be an important component for optimal recovery 7 . Recent research has suggested a relationship between higher PT dosage and greater functional recovery 8 ; however, others have suggested that delivery of PT services offers minimal long-term benefits for patients after TKA 9 . One recent editorial posited that patients make greater functional recovery after TKA in the absence of formal PT and that PT may actually cause harm 10 . The paucity of research on rehabilitation after TKA has led some researchers to suggest curtailing utilization of PT to reduce costs 7, 11 . However, little research on rehabilitation after TKA has focused on access to PT or the optimal number of PT visits for Medicare beneficiaries receiving home-health-care services. While access to home-health-care services is available in 97% of United States ZIP codes 12 , utilization of post-acute-care services after total joint replacement is highly variable across geographic regions 13 . In addition, older adults who are shifted to home health care instead of higher-cost post-acute-care facilities may have more medical complexity, therefore complicating rehabilitation delivery efforts 14 . Thus, the goals of this study were to (1) determine relationships between utilization of PT and functional recovery among Medicare fee-for-service beneficiaries receiving homehealth-care services following TKA and (2) determine which factors are related to utilization of home-health-care PT after TKA within this population. We hypothesized that lower PT utilization would be associated with smaller gains in physical function during home-health-care episodes and that geographic factors, rural status, and higher medical complexity would each be associated with lower PT utilization.
Materials and Methods

Study Design
W e performed an analysis of 2012 Medicare home-healthcare administrative data. In short, Medicare beneficiaries qualify for home-health-care services if they are homebound and need at least 1 skilled medical service. Generally, patients receiving home health care have more complex medical conditions than those who are discharged directly to outpatient therapy after a TKA. Home health care is paid for in comprehensive bundles that take into account both clinical and functional complexity and adjust upward with increasing therapy utilization.
We identified Medicare beneficiaries who were listed across all of 3 data files: the 2012 Medicare Provider and Analysis Review (MedPAR) Research Identifiable File (RIF), the 2012 homehealth-care RIF, and the 2012 Outcome and Assessment Information Set (OASIS). The MedPAR file contains hospitalization procedure and cost data, comorbidity data, and beneficiary sociodemographic information. The home-health-care RIF contains home-health-care claims data; the OASIS file complements these data by providing beneficiary functional status and degree of medical complexity. Beneficiaries listed in all 3 data sets were linked by a unique Medicare beneficiary ID number. Lastly, we used the Medicare Provider of Services (POS) file to extract home-health-care agency characteristics such as urban or rural status and whether or not the agency was for-profit.
Sample Preparation
We verified receipt of TKA in the MedPAR database (International Classification of Diseases-Ninth Revision [ICD-9] procedure code 80.54). We extracted data for Medicare beneficiaries who had used home-health-care services within 30 days after a primary TKA in 2012. We limited the sample to beneficiaries using home-healthcare services for total joint replacement aftercare, defined by an OASIS primary ICD-9 code of V54.81 or V57.1. This excluded patients receiving care primarily for another condition, such as heart failure. If patients had multiple home-health-care episodes following a TKA in a calendar year, only the first home-healthcare admission for post-TKA rehabilitation was included.
Outcome Measures
Our primary outcome of interest was a change in activities of daily living (ADLs) function. Because each ADL is scored on a separate scale within the OASIS tool, researchers developed and validated a standardized composite ADL score for the OASIS 15, 16 . This scale has been used to describe ADL function in other Medicare homehealth-care populations 17 . Each ADL is scored on a continuous scale of 0.0 to 1.0, and the scores are summed to obtain a standardized composite functional score between 1 and 9, with higher scores indicating greater impairment. Moving from 1 to 0 within an ADL category represents a shift from complete dependence to complete independence; incremental improvements of ‡0.14 point represent meaningful reductions in the need for assistance or devices to complete ADL tasks. We included the following 9 ADLs: upper and lower body dressing, bathing, toileting, toileting hygiene, transferring, walking, preparing light meals, and grooming. ADL change was the difference between ADL scores measured at admission to and discharge from home health care.
The secondary outcome of interest was the number of PT visits utilized during the home-health-care episode. We extracted relevant codes related to PT utilization and summed the number of codes over the first 60-day episode of home care following hospital discharge. We categorized PT utilization as low (0 to 5 visits), moderate (6 to 9 visits), high (10 to 13 visits), or very high ( ‡14 visits) on the basis of Medicare utilization cut-points for home-health-care agencies.
Clinical Characteristics
We used the Charlson Comorbidity Index (CCI) to characterize medical complexity 18 . ICD-9 codes from the MedPAR file were mapped to the CCI using a validated algorithm 19 . Hospital length of stay and admission type (traumatic or elective) were extracted from MedPAR.
Medical and functional impairments present on admission to home health care were captured from the OASIS database. Depressive symptoms were defined as a score of ‡1 on the Patient Health Questionnaire-2 (PHQ-2) depression scale. Constant, activity-limiting baseline pain was categorized as present (a score of 4) or absent (a score of £3) on the OASIS pain assessment. The home-health-care episode duration in days, defined as the time from the start of home health care to either discharge or admission to an inpatient facility, was also extracted from the OASIS.
Characteristics of Home-Health-Care Agency
The ownership status of the home-health-care agency and whether it was designated as urban or rural on the basis of the Medicare Core-Based Statistical Areas were extracted from the Medicare POS file. To adjust for regional differences in care delivery, we categorized participants as living in 1 of 4 Census Bureau regions (Northeast, West, Midwest, and South). 
Statistical Analysis
Descriptive statistics were calculated using the mean and standard deviation (SD), median and interquartile range (IQR), or the number and percentage. Unadjusted and adjusted linear regression models were then developed to evaluate the association between PT utilization and ADL change during the episode of home health care. The adjusted model regressed functional change on PT utilization, adjusting for demographic variables (age and sex) and medical status factors (elective or traumatic surgical admission, baseline physical function, CCI, baseline dyspnea, severe pain, and living alone) that impact ADL recovery. We also adjusted for time spent in home health care to account for natural recovery that occurs after TKA. We then fit a series of univariable regression models to determine which factors are related to the number of PT visits received during an episode of home health care. Negative binomial regression was used to model PT visits received. An offset for home-health-care length of stay (log-time) was included in all models to adjust for differing durations of PT exposure time for each patient. The exponentiated beta coefficients in negative binomial models represent the ratio of differences in PT utilization between variable levels.
Candidate variables related to utilization included CCI score, presence of depressive symptoms, presence of baseline dyspnea, geographic region, rural agency status, geographic region, and agency profit status. All candidate variables were included in a fully adjusted model, and then backward selection was used to remove the most non-significant variable in each iteration of the model until all candidate variables had a p value of <0.05. Race, sex, age, baseline ADL function, post-acute-care utilization, hospital length of stay, non-elective admission, and living alone were adjusted for in all models.
Because OASIS data are used to generate payment for home-health-care agencies, missing data were minimal. Any missing data in the model were considered to be missing at random, and the percentage of missing data did not exceed 5% for any variable. All statistical analysis was conducted using SAS 9.4 software (SAS Institute).
Results
O verall, 8,127
patients received home-health-care services in 2012 following a TKA. After applying sample selection criteria, 5,967 patients were included for analysis. Overall demographics of the sample are presented in Table I . The median cost of home-health-care episodes extracted from the home-health-care RIF was $2,949 (IQR = $2,494 to $3,529) (2012 U.S. dollars), and 4.1% of the sample was admitted to an inpatient facility during home health care. The median time from hospital discharge to home-health-care admission was 2 days. 
PT and Functional Change
Patients who completed an episode of home health care had an average improvement (decrease) of 2.1 points in the impairment score on the 1 to 9-point ADL scale over the home-health-care episode. Greater ADL improvements were seen with increasing PT utilization, with score attenuations noted as the number of visits increased to ‡10 (Table II) . Compared with low utilizers of PT, moderate utilizers had a 25% greater improvement in ADL function over the home-health-care episode (mean ADL score difference, 0.42; p < 0.0001), high utilizers had a 40% greater improvement (mean difference, 0.67; p < 0.0001), and very high utilizers had a 50% greater improvement (mean difference, 0.83; p < 0.0001).
PT utilization remained an independent predictor of functional recovery in the adjusted model (Table II) . Compared with low utilizers, moderate utilizers had a 12% greater improvement (mean difference, 0.22; p < 0.0001), high utilizers had a 16% greater improvement (mean difference, 0.31; p < 0.0001), and very high utilizers also had a 16% greater improvement (mean difference, 0.31; p < 0.0001). However, the difference between those who received a moderate PT dosage and those who received a high or very high PT dosage did not constitute a minimal clinically important difference in ADL performance. The overall R 2 value of the adjusted model was 0.68.
PT Utilization
Results from the univariable and multivariable negative binomial models predicting frequency of PT utilization are presented in Table III . In the univariable analysis, severe baseline pain and receiving care in the South Census Bureau region were associated with higher PT utilization. Living in a rural setting, higher CCI scores, depressive symptoms, and baseline dyspnea were all associated with lower PT utilization.
Rural location, baseline dyspnea, and depressive symptoms remained significantly associated with a lower utilization of PT in the adjusted model. Patients in rural settings had 10.7% (95% confidence interval [CI] = 7.9% to 13.7%) fewer visits, those with depressive symptoms received 4.8% (95% CI = 1.3% to 8.3%) fewer visits, and those with any baseline dyspnea received 5.3% (95% CI = 3.1% to 7.5%) fewer visits. Higher PT utilization was observed for patients receiving care in the South (10.0% more visits, 95% CI = 7.0% to 13.1%).
Discussion
T his study is the first of which we are aware to investigate the effect of home-health-care PT-visit dosage on functional recovery after TKA in a large administrative data set. Our data suggest that lower utilization of PT was associated with a significantly lower magnitude of ADL improvement for patients receiving home-health-care services after TKA. Homebound Medicare beneficiaries appear to achieve optimal functional recovery when they receive 6 to 9 PT visits; additional visits were not associated with clinically meaningful improvements in ADL function. Living in a rural area or having higher medical complexity was associated with receiving fewer PT visits. These findings may help guide physicians and payers to prescribe optimal therapy dosages for the growing population of patients who utilize home-health-care rehabilitation after TKA.
Optimizing early ADL outcomes may be especially important for the estimated 20% to 30% of Medicare beneficiaries who forego outpatient therapy and instead terminate formal rehabilitation in post-acute or home-health-care settings 20, 21 . In our study, patients who received £5 visits of supervised home-health-care PT had blunted ADL recovery compared with those who received more. However, we also found that the benefit of home-health-care PT attenuates after 9 visits, suggesting that 6 to 9 PT visits is the optimal number to maximize function in a resource-efficient manner. This is a novel finding in a medically complex post-TKA population that contrasts with prior studies that suggested that no supervised PT is required to promote functional recovery after TKA 10, 22, 23 . However, those studies mostly evaluated healthier post-TKA populations, excluding patients with a high comorbidity burden limiting participation in rehabilitation or those who could not travel to outpatient clinics (that is, homebound patients). Because low PT utilizers in our study were more likely to have received prior postacute care, had less social support, and had more medical complexity, they may have been even more likely to forego outpatient PT and end formal rehabilitation in home-health-care settings 20 , thus elevating the importance of functional outcomes during home health care. Incomplete recovery of ADL function may leave patients at risk for future hospitalization or institutionalization 24, 25 . While the magnitude of improvements in ADL function appears small, they represent clinically meaningful improvements in functional independence. For example, an improvement in walking ability from the need for an assistive device to no device (an important outcome for many patients) is represented by an improvement of 0.14 point on the validated scale used in this study. Utilization of ‡6 PT visits was associated with gains of 1.5 times this magnitude in the adjusted models, suggesting that higher PT utilization results in clinically meaningful improvements in ADL function. This increase in ADL independence is likely associated with gains in strength and range of motion that are important for success after TKA 26 . Disparities were observed in the number of PT visits after TKA among home-health-care settings. The strongest factor associated with reduced PT utilization was living in a rural environment, which was consistent with our hypothesis. Depressive symptoms, baseline dyspnea, and higher CCI scores were also associated with lower PT utilization. These disparities suggest that it may be prudent to more closely monitor PT participation by rural or medically complex patients, intervene to address barriers to participation, and consider other interventions such as telerehabilitation visits to supplement PT access for this vulnerable population. Additionally, this study shows that utilization in the South Census region is higher than in other regions of the country, even after accounting for population differences. Surgeons may be able to use these findings to reduce costly overutilization.
This study has limitations. First, we evaluated only patients who used home-health-care services after TKA, so our findings do not represent other Medicare populations who use outpatient services. In addition, we used administrative data and thus may have underestimated or overrepresented certain comorbidities. We also limited the sample to Medicare beneficiaries, which means that the results are not generalizable to other payers.
While these data did not include any patients participating in care bundles, agencies may have already begun changing care patterns. In addition, because we did not have access to outpatient data, it is unknown whether patients who received home-healthcare services routinely went on to outpatient services. However, historical data suggest that there is a large cohort of patients who end their post-TKA rehabilitation care after receiving home health care 20 , so we think that the findings are independently valuable in promoting improvements to care delivery in this setting. Future studies should evaluate outcomes for patients who successfully transition to outpatient rehabilitation.
In conclusion, the optimal utilization of PT in homehealth-care settings to promote optimal early ADL recovery after TKA appears to be 6 to 9 visits. Patients in rural areas and those with greater medical complexity receive fewer overall PT visits, suggesting a need for additional monitoring to ensure their appropriate functional recovery. n
